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(57) ABSTRACT 

Semiconductor devices each having a Semiconductor 
layer (1), a gate insulating film (2), a gate electrode (3), an 
offset spacer layer (4), and SD extension diffusion layers (6) 
into which ions have been implanted by using the gate 
electrode (3) and the offset spacer layer (4) as a mask are 
formed by varying the film thickness of the offset spacer 
layer (4) and leakage current values in the respective semi 
conductor devices are measured. The results of the mea 

Surements show that the film thickness value of the offset 

Spacer layer (4) and the leakage current value have a 
correlation therebetween and that the film thickness value of 

the offset spacer layer (4) when the leakage current value 
becomes Zero corresponds to the length of the portion of the 
Semiconductor layer (1) extending from under the Outer end 
of the offset spacer layer (4) to the tip end of an impurity 
diffusion layer. 

9 Claims, 9 Drawing Sheets 
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SEMICONDUCTOR DEVICE, METHOD FOR 
EVALUATING THE SAME, AND METHOD 

FOR FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to a Semiconductor device, 
to a method for evaluating the Same, and to a method for 
fabricating the same by using the evaluation method. 

Conventionally, the evaluation of an impurity profile has 
been performed by using a SIMS method which analyzes 
Secondary electrons liberated from a Sample upon the appli 
cation of ions for analysis (primary ions). 

The dimensions of a gate electrode in a Semiconductor 
device have been measured after patterning for forming the 
gate electrode by using a System termed a critical dimension 
measurement SEM. 

In a conventional method for fabricating a Semiconductor 
device, on the other hand, the formation of a gate insulating 
film and the control of the film thickness of an offset spacer 
layer, which allows an amount of overlapping between the 
gate electrode and an impurity diffusion layer to be adjusted, 
have been performed by forming a monitor wafer and 
measuring a film thickness. In general, film thickness control 
has been performed also in another film forming Step by 
measuring a film thickness on the monitor wafer. 

However, the following problems are encountered by the 
conventional methods for evaluating and fabricating a Semi 
conductor device. 

If a SIMS method is used in a method for evaluating an 
impurity profile, it is difficult to evaluate an amount of 
horizontal expansion of the impurity profile since the SIMS 
method is implemented while grating a Sample. 

If critical dimension measurement SEM is used in a 
method for evaluating a gate electrode, an extremely long 
period of time is required Since the dimensions of each of the 
gate electrode should be measured individually. If a gate 
electrode is evaluated in the course of the process of 
fabricating a Semiconductor device, therefore, it is difficult 
to evaluate a Sufficiently large number of Samples. If overall 
evaluation is performed by measuring a limited portion of a 
gate electrode for a reduced measurement time, errorS result 
ing from variations in the finished configuration of the gate 
electrode may occur. 

If the film thickness control is performed only by mea 
Suring a film thickness on the monitor wafer in the Steps of 
forming a gate insulating film and an offset Spacer layer, 
unexpected impurity contamination, variations in the fabri 
cation process, or the like may be unrecognized and a defect 
may occur in the Semiconductor device Since measurement 
is not performed in the Semiconductor device for actual 
operation. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a Semiconductor device with high reliability, a method for 
evaluating the Same, and a method for fabricating the same 
by providing means for Solving the foregoing problems. 
A Semiconductor device according to the present inven 

tion comprises: a Semiconductor layer; a gate insulating film 
provided on the Semiconductor layer; a gate electrode pro 
Vided on the gate insulating film; a monitor insulating film 
provided on the Semiconductor layer, the monitor insulating 
film being formed from a film from which the gate insulating 
film is formed to have an area larger than an area of the gate 
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2 
insulating film; and a monitor electrode provided on the 
monitor insulating film. 
The arrangement allows the thickness of a gate insulating 

film with a reduced error to be obtained from a leakage 
current measured in the monitor region composed of the 
monitor insulating film and the monitor electrode based on 
a correlation between leakage current and thickness of 
insulating film. The arrangement also allows the dimensions 
of the gate electrode with a reduced error to be obtained by 
comparing the leakage current measured in the gate elec 
trode and the gate insulating film with the leakage current in 
the monitor region. 

Preferably, the area of the monitor insulating film is 100 
times the area of the gate insulating film or more. 
A first method for evaluating a Semiconductor device 

according to the present invention is a method for evaluating 
a Semiconductor device having a gate insulating film pro 
Vided on a Semiconductor layer, a gate electrode provided on 
the gate insulating film, an offset spacer layer provided on a 
Side Surface of the gate electrode, and an impurity diffusion 
layer formed in the Semiconductor layer by using the gate 
electrode and the offset Spacer layer as at least part of a 
mask, the method comprising the Steps of: (a) measuring a 
plurality of leakage currents by using a plurality of Semi 
conductor devices having the offset Spacer layers with 
different film thicknesses; and (b) calculating a correlation 
between leakage current and film thickness of offset Spacer 
layer based on the plurality of leakage currents. 
The arrangement allows the horizontal distribution of an 

impurity in the impurity diffusion layer to be obtained by 
using the correlation between leakage current and film 
thickness of offset Spacer layer and thereby allows more 
accurate evaluation of the Semiconductor device. 
The step (b) can include calculating a film thickness value 

of the offset Spacer layer when the leakage current value is 
Zero based on the correlation and regarding the film thick 
neSS Value as a length of a portion of the Semiconductor layer 
extending from under an outer end of the offset Spacer layer 
to an inner tip end of the impurity diffusion layer. 
A Second method for evaluating a Semiconductor device 

according to the present invention is a method for evaluating 
a Semiconductor device comprising an actual transistor 
region having a Semiconductor layer, a gate electrode, and a 
gate insulating film interposed between the Semiconductor 
layer and the gate electrode and a monitor region having a 
monitor electrode and a monitor insulating film, the monitor 
insulating film being provided between the Semiconductor 
layer and the monitor electrode and formed from a film from 
which the gate insulating film is formed to have an area 
larger than an area of the gate insulating film, the method 
comprising the steps of: (a) measuring a leakage current in 
the monitor region; (b) calculating, from the leakage current, 
a thickness of the monitor insulating film based on a 
predetermined correlation between leakage current and 
thickness of insulating film; and (c) regarding the thickness 
of the monitor insulating film as a thickness of the gate 
insulating film. 

Since the leakage current is measured by using the 
monitor insulating film having the area larger than that of the 
gate insulating film, an error in the calculated thickness of 
the gate insulating film can be reduced. This allows a more 
accurate thickness of the gate insulating film to be obtained. 
The method may further comprise, prior to the step (b), 

the steps of: (d) measuring a plurality of leakage currents by 
using a plurality of regions having insulating films with 
different thicknesses and electrodes; and (e) calculating a 
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correlation between leakage current and thickness of insu 
lating film based on the plurality of leakage currents. 

Preferably, the area of the monitor insulating film is 100 
times the area of the gate insulating film or more. 
A third method for evaluating a Semiconductor device 

according to the present invention is a method for evaluating 
a Semiconductor device comprising an actual transistor 
region having a Semiconductor layer, a gate electrode, and a 
gate insulating film interposed between the Semiconductor 
layer and the gate electrode and a monitor region having a 
monitor electrode and a monitor insulating film, the monitor 
insulating film being provided between the Semiconductor 
layer and the monitor electrode and formed from a film from 
which the gate insulating film is formed to have an area 
larger than an area of the gate insulating film, the method 
comprising the steps of: (a) measuring a leakage current in 
the monitor region; (b) measuring a leakage current in the 
actual transistor region; and (c) comparing the leakage 
currents measured in the respective Steps (a) and (b) with 
each other and calculating a dimension of the gate electrode 
in the actual transistor region. 

The arrangement allows the dimension of the gate elec 
trode with a reduced error to be calculated based on the 
leakage current measured in the large-area monitor region in 
which an area error can be ignored. 

Preferably, the area of the monitor insulating film is 100 
times the area of the gate insulating film or more. 
A first method for fabricating a Semiconductor device 

according to the present invention comprises the Steps of: (a) 
forming a gate insulating film and a gate electrode on an 
actual transistor region of a Semiconductor layer, while 
forming a monitor insulating film and a monitor electrode on 
a monitor region of the Semiconductor layer, the monitor 
insulating film being formed from a film from which the gate 
insulating film is formed to have an area larger than an area 
of the gate insulating film; (b) measuring a leakage current 
in the monitor region; and (c) comparing the leakage current 
measured in the step (b) with a normalized value based on 
a correlation between leakage current and thickness of 
insulating film to judge whether or not the gate insulating 
film formed in the Step (a) is proper. 

Since the arrangement judges the leakage current mea 
Sured by using the monitor insulating film having the area 
larger than that of the gate insulating film, more accurate 
judgment can be performed. Since it is possible to judge 
whether or not a proceSS is proper in the course of the 
proceSS Steps, a cost reduction is achievable. 

The correlation between leakage current and thickness of 
insulating film may be obtained by measuring a plurality of 
leakage currents by using a plurality of regions each having 
a Semiconductor layer, an electrode, and an insulating film 
interposed between the Semiconductor layer and the elec 
trode and having a known thickness. 

Preferably, the area of the monitor insulating film is 100 
times the area of the gate insulating film or more. 
A Second method for fabricating a Semiconductor device 

according to the present invention comprises the Steps of: (a) 
forming a gate insulating film and a gate electrode on an 
actual transistor region of a Semiconductor layer, while 
forming a monitor insulating film and a monitor electrode on 
a monitor region of the Semiconductor layer, the monitor 
insulating film being formed from a film from which the gate 
insulating film is formed to have an area larger than an area 
of the gate insulating film; (b) measuring a leakage current 
in the monitor region; (c) measuring a leakage current in the 
actual transistor region; and (d) comparing the leakage 
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4 
currents measured in the respective Steps (a) and (b) with 
each other to judge whether or not a dimension of the gate 
electrode is proper. 

Since the arrangement performs judgment based on the 
leakage current measured in the large-area monitor region 
having a large area in which an area error can be ignored, 
more accurate judgment can be performed. Since it is 
possible to judge whether or not a process is proper in the 
course of the process Steps, a cost reduction is achievable. 

Preferably, the area of the monitor insulating film is 100 
times the area of the gate insulating film or more. 
A third method for fabricating a Semiconductor device 

according to the present invention comprises the Steps of: (a) 
forming a gate insulating film and a gate electrode on a 
Semiconductor layer; (b) forming an offset spacer layer on a 
Side Surface of the gate electrode; (c) after the step (b), 
ion-implanting an impurity into a portion of the Semicon 
ductor layer by using, as a mask, the gate electrode and the 
offset spacer layer; (d) after the step (c), measuring a leakage 
current between the gate electrode and the Semiconductor 
layer; and (e) comparing the leakage current with a normal 
ized value to judge whether or not a horizontal length of a 
portion of the Semiconductor layer extending from under an 
outer end of the offset Spacer layer to a tip end of a region 
of the Semiconductor layer in which the impurity implanted 
in the step (c) is diffused is proper. 
The arrangement allows judgment of whether or not the 

horizontal distribution of the impurity is proper in the course 
of the fabrication process, the reliability of the fabrication 
process can be increased and a cost reduction can be 
achieved. 
A fourth evaluation method according to the present 

invention is a method for evaluating a Semiconductor device 
having an actual operating element comprising a gate insu 
lating film provided on a Semiconductor layer, a gate elec 
trode provided on the gate insulating film, an offset Spacer 
layer provided on a Side Surface of the gate electrode, and an 
impurity diffusion layer formed in the Semiconductor layer 
by using the gate electrode and the offset spacer layer as at 
least part of a mask, the method comprising the steps of: (a) 
measuring respective leakage currents in Some of a plurality 
of reference elements having respective reference offset 
Spacer layers with different film thicknesses; (b) calculating 
a correlation between leakage current and film thickness of 
reference offset Spacer layer based on the respective leakage 
currents in the reference elements, and (c) evaluating, based 
on the correlation, a length of a portion of the Semiconductor 
layer extending from under an outer end of the offset Spacer 
layer to the impurity diffusion layer in the actual operating 
element. 

Since the arrangement allows the horizontal distribution 
of the impurity in the impurity diffusion layer of the actual 
operating element to be obtained, the Semiconductor device 
can be evaluated more accurately. 
The Step (b) can include calculating, based on the 

correlation, the film thickness value of each of the reference 
offset spacer layers when the reference leakage current has 
a Zero value and the Step (c) can include regarding the film 
thickness value as the length of the portion of the Semicon 
ductor layer extending from under the outer end of the offset 
Spacer layer to a tip end of the impurity diffusion layer in the 
actual operating element. 
A wafer formed with the actual operating element is 

provided with an actual transistor region in which the actual 
operating element is provided and with a monitor region 
having a monitor insulating film and a monitor electrode, the 
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monitor insulating film being formed from a film from 
which the gate insulating film is formed to have an area 
larger than an area of the gate insulating film, the method 
further comprising the steps of: (d) prior to the Step (a), after 
the gate insulating film of the actual operating element and 
the gate electrode thereof are formed and before the impurity 
diffusion layer is formed, measuring a leakage current in the 
monitor region; (e) calculating a thickness of the monitor 
insulating film based on a correlation between the leakage 
current and the monitor insulating film in the monitor 
region; and (f) regarding the thickness of the monitor 
insulating film as a thickness of the gate insulating film of 
the actual operating element. The arrangement reduces an 
error in the calculated thickneSS Value of the gate insulating 
film and allows a more accurate thickness of the gate 
insulating film to be obtained. 

The method may further comprise the steps of (g) prior 
to the step (e), measuring respective leakage currents in 
Some of a plurality of reference regions having respective 
reference insulating films with different thicknesses; and (h) 
calculating, based on the respective leakage currents in the 
reference regions, a correlation between leakage current and 
thickness of reference insulating film. 

The method further comprises the steps of: (i) measuring 
a leakage current in the actual transistor region; and () 
comparing the leakage current measured in the Step (i) with 
the leakage current measured in the Step (g) to calculate a 
dimension of the gate electrode of the actual operating 
element. The arrangement allows a more accurate dimension 
of the gate electrode to be obtained based on the leakage 
current measured in the large-area monitor region in which 
an area error is ignorable. 

Preferably, the area of the monitor insulating film is 100 
times the area of the gate insulating film or more. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a croSS-Sectional view showing a structure of a 
Semiconductor device according to a first embodiment of the 
present invention; 

FIGS. 2A to 2C are cross-sectional views illustrating a 
method for fabricating the Semiconductor device according 
to the first embodiment; 

FIG. 3 is a flow chart illustrating a method for evaluating 
the Semiconductor device according to the first embodiment; 

FIG. 4 is a graph showing the relationship between the 
film thickness value LOS of an offset Spacer layer 4 and a 
leakage current value Ig in the Semiconductor device accord 
ing to the first embodiment; 

FIGS. 5A to 5C are plan views each showing respective 
Structures of a Semiconductor device under evaluation and a 
reference region according to a Second embodiment of the 
present invention; 

FIG. 6 is a flow chart illustrating a method for evaluating 
the Semiconductor device according to the Second embodi 
ment, 

FIGS. 7A and 7B are a tabular view and a graph each 
showing the relationship between a leakage current value 
Ig1 and the film thickness value Tox1 of a reference insu 
lating film in the reference region; 

FIG. 8 is a tabular view showing a leakage current value 
Ig2 and the calculated film thickness value Tox2 of a 
monitor insulating film in a monitor electrode, 

FIG. 9 is a tabular view showing a leakage current value 
Ig3 and the value of a calculated gate length value Lg in an 
actual transistor region; 
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6 
FIG. 10 is a flow chart illustrating a method for fabricat 

ing (evaluating) a semiconductor device according to a third 
embodiment of the present invention; 

FIG. 11 is a tabular view showing the film thickness value 
Tox of a reference insulating film and a leakage current 
value Ig4 in the reference region; and 

FIG. 12 is a tabular view showing a leakage current value 
Ig6 and the film thickness value LS of an offset spacer layer 
in the reference region. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiment 1 

FIG. 1 is a cross-sectional view showing a structure of a 
Semiconductor device according to a first embodiment of the 
present invention. AS shown in FIG. 1, the Semiconductor 
device according to the present embodiment is constituted 
by: a Semiconductor layer 1, a gate insulating film 2; a gate 
electrode 3; an offset spacer layer 4 formed on the Side 
Surfaces of the gate insulating film 2 and the gate electrode 
3; a sidewall 9 consisting of a TEOS film (silicon oxide film) 
7 and a SiN film (silicon nitride film) 8 and formed to cover 
the Side Surfaces of the offset Spacer layer 4 and part of the 
Semiconductor layer 1, Source/drain diffusion layerS 5 
formed in the portion of the Semiconductor layer 1 located 
on both sides of the gate electrode 3; and SD (source/drain) 
extension diffusion layers 6. 

FIGS. 2A to 2C are cross-sectional views illustrating a 
method for fabricating the Semiconductor device according 
to the first embodiment. 

First, in the step shown in FIG. 2A, an oxide film with a 
thickness of 2.2 nm and a polysilicon film with a thickness 
of 160 nm are formed on a p-type Semiconductor layer 1 and 
patterned to form the gate insulating film 2 and the gate 
electrode 3 each having a gate length of 0.1 um. Thereafter, 
a HTO (High Temperature Oxide) film with a thickness of 14 
nm is deposited on the Substrate and the entire Surface of the 
HTO film is etched by anisotropic dry etching so that the 
offset spacer layer 4 composed of the HTO film is formed 
only on the respective Side Surfaces of the gate insulating 
film 2 and the gate electrode 3. 

Next, in the step shown in FIG. 2B, AS as an n-type 
impurity is ion-implanted by using the gate electrode 3 and 
the offset Spacer layer 4 as a mask So that the SD extension 
diffusion layerS 6 are formed in part of the Semiconductor 
layer 1. Implant conditions are Such that an implant energy 
is 3 KeV and a dose is 1.5x10" cm. 

Next, in the step shown in FIG. 2C, the TEOS film with 
a thickness of 10 nm and the SiN film with a thickness of 60 
nm are formed on the Substrate. Then, the entire Surfaces of 
the TEOS film and the SiN film are etched by anisotropic dry 
etching so that the sidewall 9 composed of the TEOS film 7 
and the SiN film 8 is formed to cover the side Surfaces of the 
offset spacer layer 4 and part of the Semiconductor layer 1. 

Then, AS is ion-implanted by using the gate insulating 
film 2, the gate electrode 3, the offset Spacer layer 4, and the 
sidewall 9 as a mask so that the source/drain diffusion layers 
5 are formed in part of the semiconductor layer 1. Implant 
conditions are Such that an implant energy is 50 KeV, a dose 
is 4x10" cm, and an implant angle is 0 degree. 
By performing a short-time heat treatment at 975 C. for 

30 seconds, the impurity contained in the SD extension 
diffusion layers 6 and the source/drain diffusion layers 5 is 
activated. By the foregoing Steps, the Semiconductor device 
according to the present embodiment is formed. 
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A description will be given herein below to a method for 
evaluating the Semiconductor device according to the 
present embodiment with reference to FIGS. 1, 3, and 4. 
FIG. 3 is a flow chart illustrating the method for evaluating 
the Semiconductor device according to the first embodiment. 
Measurements are performed in the Semiconductor device 
after the source/drain diffusion layers 5 were formed in the 
step shown in FIG. 2C. 

First, in Step ST1 shown in FIG. 3, leakage current values 
Ig flowing from the gate electrodes 3 to the SD extension 
diffusion layerS 6 are measured by using a plurality of the 
Semiconductor devices having the offset Spacer layerS4 with 
different film thicknesses (Vg=0 V, Vd=1.2 V). A leakage 
current value Ig measured under Such conditions was 2.7x 
10' A?um (Ig=2.7x10' A?um) when the film thickness 
value Los of the offset spacer layer 4 was 10 nm (Los=10 
nm). 

Next, in Step ST2, a correlation between the leakage 
current value Ig and the film thickness of the offset Spacer 
layer 4 as shown in FIG. 4 is calculated. FIG. 4 is a graph 
showing the leakage current value Ig and the film thickneSS 
value Los of the offset spacer layer 4 in the first embodiment. 
As shown in FIG. 4, the film thickness value Los of the 

offset spacer layer 4 and the leakage current value Ig has a 
correlation therebetween (correlation between leakage cur 
rent and thickness of offset spacer layer) in the method for 
evaluating the Semiconductor device according to the 
present embodiment. It will be understood that, if the film 
thickness value LOS of the offset Spacer layer 4 increases, the 
leakage current value Ig decreases linearly. 

Next, in Step ST3, the horizontal distribution of the 
impurity in the Semiconductor layer 1 is analyzed. Specific 
analysis will be described herein below. 
AS can be seen from FIG. 4, the leakage current value Ig 

becomes zero (Ig=0) when the film thickness value Los of 
the offset spacer layer 4 becomes about 16 nm. On the other 
hand, it can be considered that an amount LoV of overlap 
ping between the gate electrode 3 and the SD extension 
diffusion layer 6 becomes Zero when the leakage current 
value Ig becomes Zero (Ig=0). 

From the foregoing, it can be Said that the amount LoV of 
overlapping becomes Zero when the film thickness value Los 
of the offset spacer layer 4 is about 16 mm. If the SD 
extension diffusion layer 6 is formed under conditions as 
shown above, the length of the portion of the Semiconductor 
layer 1 extending from under the outer end of the offset 
Spacer layer 4 to the tip end (inner end) of the impurity 
diffusion layer can therefore be estimated to be about 16 nm. 
By the foregoing evaluation method, the horizontal distri 
bution of the impurity can be obtained. 

The method for evaluating an impurity profile in the 
Semiconductor device according to the present embodiment 
allows the evaluation of a horizontal impurity profile, which 
has been difficult to perform in accordance with a conven 
tional evaluation method using a SIMS method. Since the 
film thickness of the offset spacer layer 4 can be controlled 
on a per nanometer basis, evaluation can be performed with 
high accuracy. 

Although the foregoing embodiment has performed 
evaluation by measuring the leakage current value Ig after 
the formation of the source/drain diffusion layers 5, the 
present invention is not limited thereto. It is also possible to 
form the SD extension diffusion layers 6 and then measure 
the leakage current values Ig prior to the formation of the 
Source/drain diffusion layers 5. 

Embodiment 2 

A method for evaluating a Semiconductor device accord 
ing to the present embodiment uses a wafer (semiconductor 
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layer) under evaluation and a reference region provided 
outside the wafer under evaluation. A description will be 
given first to the respective Structures of the wafer under 
evaluation and the reference region with reference to FIGS. 
5A to 5C. FIGS. 5A to 5C are plan views showing the 
Structures of the Semiconductor device under evaluation and 
the reference region according to the Second embodiment. 
As shown in FIG. 5A, the wafer under evaluation is 

composed of a plurality of chips 11 under evaluation. AS 
shown in FIG. 5B, each of the chips 11 under evaluation is 
divided into an actual transistor region 12 and a monitor 
region 13. The actual transistor region 12 is provided with a 
gate electrode 15 formed on a substrate 10 with a gate 
insulating film (not shown) interposed therebetween and 
with a transistor 17 having source/drain diffusion layers 14. 
The monitor region 13 is provided with a monitor insulating 
film (not shown) formed on the Substrate 10 from the 
insulating film from which the gate insulating film of the 
transistor 17 is formed and with a monitor electrode 16 
formed from the conductor film from which the gate elec 
trode 15 of the transistor 17 is formed to have an area of 100 
nmx100 nm. 

Preferably, the monitor electrode 16 is formed such that 
the area of the monitor insulating film is 100 times the area 
of the gate insulating film of the transistor 17 or more. 
On the other hand, as shown in FIG. 5C, the reference 

region 18 is constituted by a semiconductor layer 19, a 
reference insulating film (not shown) provided on the Semi 
conductor layer 19 and having a known thickness, and a 
reference electrode 20 provided on the reference insulating 
film and having an area of 100 nmx100 nm. Each of the 
reference insulating film and the reference electrode 20 is 
composed of a film formed under the same conditions used 
to form the gate insulating film and gate electrode 15 of the 
transistor 17. 

A description will be given next to the method for 
evaluating a semiconductor device as shown in FIGS. 5A 
and 5B with reference to FIGS. 5A and 5B and FIG. 6. FIG. 
6 is a flow chart illustrating the method for evaluating a 
Semiconductor device according to the Second embodiment. 
It is to be noted that Steps ST1 to ST5 in FIG. 6 are 
performed before ion implantation for the source/drain dif 
fusion layerS 14 is performed after the gate insulating film 
and gate electrode 15 of the actual transistor region 12 and 
the monitor insulating film and monitor electrode 16 of the 
monitor region are formed by patterning. 
The method for evaluating a Semiconductor device 

according to the present invention first applies a bias Voltage 
Vg (Vg=1.2V) to the reference electrode 20 of the reference 
region 18 and measures a leakage current value Ig1 in Step 
ST1 shown in FIG. 6. The measurement is performed in each 
of a plurality of the reference regions 18 formed with the 
reference insulating films having different thickneSS Values 
ToX1. 

FIGS. 7A and 7B are a tabular view and a graph each 
showing a relationship between the leakage current value 
Ig1 measured in Step ST1 of FIG. 6 and the thickness value 
Tox1 of the reference insulating film. From the drawings, it 
will be understood that the leakage current value Igl 
decreases as the reference insulating film is thicker and the 
leakage current value Ig is determined uniquely by the 
thickness of the insulating film. 

Next, in Step ST2 of FIG. 6, a bias voltage Vg=1.2 V is 
applied to the monitor electrode 16 and a leakage current 
value Ig2 flowing between the monitor electrode 16 and the 
channel region of the Substrate 10 is measured. AS shown in 
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FIG. 5A, the measurement was performed by measuring the 
leakage current value Ig2 in each of the plurality of chips A 
to I under evaluation. 

Since the area of the monitor insulating film in the 
monitor region 13 is large, variations in leakage current 
value resulting from area variations can be ignored. Hence, 
the variations in leakage current value Ig2 at 9 points are 
attributable to the thickness of the monitor insulating film. 

Next, in Step ST3 of FIG. 6, the thickness value Tox2 of 
the monitor insulating film is calculated by comparing the 
leakage current value Ig2 in the monitor region 13 with the 
leakage current value Ig1 in the reference region 18. Since 
the monitor insulating film and the gate insulating film are 
formed in close proximity, they can be considered to have 
nearly the same film thicknesses. This allows the thickneSS 
of the gate insulating film to be obtained. 

FIG. 8 is a tabular view showing the leakage current value 
Ig2 and the calculated thickneSS Tox2 of the monitor insu 
lating film. As shown in FIG. 8, variations are observed in 
the leakage current value Ig2 of each of the chips A to I 
under evaluation. The variations are presented as variations 
in the thickness value Tox2 of the monitor insulating film. 
This makes it also possible to individually obtain the film 
thickness of the monitor insulating film of each of the chips 
11 under evaluation. 

Next, in Step ST4 of FIG. 6, a bias voltage Vg (Vg=1.2 
V) is applied to the gate electrode 15 of the transistor 17 and 
a leakage current value Ig3 flowing between the gate elec 
trode 15 and the channel region of the substrate 10 is 
measured. The measurement was performed by measuring 
the leakage current value Ig3 in each of a plurality of the 
chips A to I under evaluation. 

In each of the chips A to I under evaluation, the respective 
thicknesses of the monitor insulating film and the gate 
insulating film are set to the same value (Set film thickness 
value). Even if variations due to errors are observed, the 
monitor insulating film and the gate insulating film can be 
considered to have nearly the same film thicknesses. 
Accordingly, the magnitude of the leakage current can be 
considered to have a correlation with the area of each of the 
insulating film and the electrode So that the area of each of 
the gate insulating film and the gate electrode 15 can be 
obtained through a comparison between the leakage current 
value Ig2 measured in Step ST2 and the leakage current 
value Ig3 measured in Step ST4. 

Thus, the dimensions of the gate electrode 15 are calcu 
lated in Step ST5 of FIG. 6 by comparing the leakage current 
value Ig2 (leakage current value per unit area) and the 
leakage current value Ig3 with each other. FIG. 9 is a tabular 
View showing the leakage current value Ig3 and the calcu 
lated gate length value Lg. The gate length value Lg has 
been calculated by using the gate width value Lw (Lw=10 
um) of the gate electrode 15. 

Thus, the present embodiment allows accurate measure 
ment of the thickness of the gate insulating film by using the 
large-area monitor electrode 16 in which an area error can be 
ignored and further allows measurement of the dimensions 
of the gate electrode 15. Since evaluation can be performed 
at any point in the wafer 10 under evaluation, variations in 
the thickness of the gate insulating film and in the dimen 
Sions of the gate electrode 15 can be obtained easily at any 
portion of the wafer 10. 

In the present embodiment, it is also possible to measure 
the leakage current value in the monitor region 13 in Step 
ST2, compare the measured leakage current value with the 
leakage current value Igll in the reference region 18 in Step 
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ST3, thereby calculate the thickness of the gate insulating 
film of the transistor 17, and completing the Step. 

Embodiment 3 

The present embodiment will describe a method for 
fabricating a Semiconductor device, while evaluating it in 
the course of the fabrication process therefor with reference 
to FIGS. 5B and 10. FIG. 10 is a flow chart illustrating the 
method for fabricating (the method for evaluating) a semi 
conductor device according to the third embodiment. The 
Semiconductor device fabricated in the present embodiment 
has the same structure as the structure shown in FIG. 5B 
according to the Second embodiment. 

In accordance with the method for fabricating a Semicon 
ductor device according to the present embodiment, a Silicon 
oxide film with a set thickness of 2.2 nm and a polysilicon 
film with a thickness of 160 nm are formed first on a 
substrate 10 and patterned in Step ST1 shown in FIG. 10 
Such that a semiconductor device as shown in FIG. 5B is 
obtained. As a result, an actual transistor region 12 is formed 
with a gate insulating film (not shown) and a gate electrode 
15, while a monitor region 13 is formed with a monitor 
insulating film (not shown) and a monitor electrode 16. 

Next, in Step ST2, a bias voltage Vg (Vg=1.2 V) is 
applied to the monitor electrode 16 shown in FIG. 5B and a 
leakage current value Ig4 is measured. 

Next, in Step ST3, it is judged whether or not the 
thickness of the gate insulating film is in a normal range by 
using the leakage current value Ig4. This is because the 
thickness of a gate insulating film actually formed deviates 
from the set value and therefore it is necessary to judge 
whether a thickneSS Variation is in a permissible range. A 
description will be given to a specific method. 
A correlation between leakage current value and reference 

insulating film is preliminarily calculated by using the 
reference region which is in the same State as the monitor 
region 13 in Step ST2. FIG. 11 is a tabular view showing the 
film thickness value Tox of the reference insulating film of 
the reference region and the leakage current value Ig4. From 
FIG. 11, it will be understood that the leakage current value 
corresponding to the Set thickness of the gate insulating film, 
which is 2.2 nm, is 4x10' A??um'. If the normalized value 
of the actually measured thickness of the gate insulating film 
is assumed to be 2.2+0.5 nm, the normalized value of the 
leakage current ranges from 2.4x10' to 6.7x10' A?um'. 
Whether or not the leakage current value Ig4 measured in 

Step ST2 is in the range of the normalized values of the 
leakage current determines whether or not the thickness of 
the monitor insulating film is in the permissible range is 
determined. Since the monitor insulating film has Such a 
large area as to render an area error ignorable, the corre 
spondence between film thickneSS and leakage current can 
be determined precisely. Since the monitor insulating film 
and the gate insulating film have nearly the Same thickness 
values, the thickness value of the gate insulating film can be 
judged. If the result of judgment is OK, the whole process 
advances to Step ST14. If the result of judgment is NG, on 
the other hand, the whole proceSS Stops. 

Next, in Step ST4, a bias voltage Vg (Vg=1.2 V) is 
applied to the gate electrode 15 and a leakage current value 
Ig5 is calculated. 

Next, in Step ST5, it is judged whether or not the 
dimensions of the gate electrode 15 is normal by comparing 
the leakage current value Ig5 and the leakage current value 
Ig4 obtained in Step ST2 with each other. The following is 
a specific method. 
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The leakage current value and the electrode area value has 
a correlation therebetween. This makes it possible to com 
pare the area of the monitor electrode 16 with the set area of 
the gate electrode 15 and predict the leakage current value 
Ig5 in the gate electrode 15 from the leakage current value 
Ig4 in the monitor electrode 16. A permissible range of areas 
considering variations is Set based on the Set area of the gate 
electrode 15 and the normalized value of the leakage current 
Ig5 corresponding to the range of areas is obtained. 
Whether or not the leakage current value Ig5 measured in 

Step ST4 is in the range of normalized values determines 
whether or not the dimensions of the gate electrode 15 is in 
the permissible range. If the result of judgment is OK, the 
whole process advances to Step ST6. If the result of judg 
ment is NG, on the other hand, the whole process Stops. 

Next, in Step ST6, a HTO film with a thickness of 14 nm 
is formed over the gate electrode 15 and the side surfaces of 
the gate insulating film and Subjected to dry etching So that 
an offset Spacer layer with a thickness of about 10 nm is 
formed. As described in the first embodiment, an amount of 
overlapping between the gate electrode 15 and impurity 
diffusion layerS formed Subsequently can be adjusted by 
adjusting the film thickness of the offset Spacer layer. Since 
various characteristics including a short-channel effect, a 
gate overlap capacitance, and a driving force change 
depending on the amount of overlapping, the amount of 
overlapping is adjusted in consideration of these character 
istics. 

Next, in Step ST7, an impurity is ion-implanted into the 
wafer 10. SD extension diffusion layers are formed by, e.g., 
implanting AS into the portions of the wafer 10 located on 
both sides of the gate electrode 15 under conditions such that 
an implant energy is 3 KeV and a dose is 1.5x10" cm’. 
Then, the Steps of forming a side wall on the Side Surfaces 
of the offset Spacer layer and forming and activating the 
Source/drain diffusion layers are performed, whereby the 
transistor 17 is formed. 

Next, in Step ST8, a leakage current value Ig6 in the 
transistor 17 shown in FIG. 5B is measured. 

Next, in Step ST9, it is judged whether or not the amount 
of overlapping is in a proper range by using the leakage 
current value Ig6. The judgment is performed to examine 
whether or not the amount of Overlapping has been con 
trolled normally by adjusting the film thickness of the offset 
spacer layer in Step ST17. A specific method will be 
described below. 

A correlation between leakage current value and film 
thickness of offset Spacer layer is preliminarily calculated by 
using a reference region in the same State as the transistor 17 
in Step ST8. FIG. 12 is a tabular view showing the leakage 
current value Ig6 and the film thickness value LS of the offset 
spacer layer in the reference region. From FIG. 12, it will be 
understood that the leakage current value corresponding to 
the film thickness value of the offset spacer layer, which is 
10 nm, is 2.7x10' A?um. If the normalized value of the 
film thickness of the offset Spacer layer formed actually is 
assumed to be 10t1 nm, the normalized value of the leakage 
current ranges from 2.3x10' to 3.3x10' A?um. 
Whether or not the leakage current value Ig6 measured in 

Step ST8 is in the range of the normalized values of the 
leakage current determines whether or not the film thickneSS 
of the offset Spacer layer is in a permissible range. Since the 
amount of overlapping corresponds to the film thickness of 
the offset Spacer layer, the amount of overlapping can be 
judged. If the result of the judgment is OK, the whole 
proceSS advances to the Subsequent Step. If the result of the 
judgment is NG, on the other hand, the whole process Stops. 
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In accordance with the method for fabricating a Semicon 

ductor device according to the present embodiment, whether 
or not a proceSS is proper can be judged in the course of the 
process Steps. The method prevents a product which has 
proved to be faulty in the course of a process Step from 
flowing into the Subsequent proceSS StepS and thereby 
achieves a cost reduction. 
The present invention may also perform Step ST9 after 

the formation of the SD extension diffusion layers and prior 
to the formation of the sidewall and the Source/drain diffu 
Sion layers. In that case, the judgment performed in the 
reference region may be performed appropriately under the 
Same conditions used for the chip under judgment. 

Although each of the foregoing embodiments has per 
formed the judgment of the thickness of the gate insulating 
film in Step ST3, performed the judgment of the dimensions 
of the gate insulating film in Step ST5, and performed the 
judgment of the amount of overlapping in Step ST9, it is also 
possible to perform either one of the judgments or only two 
thereof in accordance with the present invention. 
What is claimed is: 
1. A method for evaluating a Semiconductor device having 

a gate insulating film provided on a Semiconductor layer, a 
gate electrode provided on the gate insulating film, an offset 
Spacer layer provided on a Side Surface of the gate electrode, 
and an impurity diffusion layer formed in the Semiconductor 
layer by using the gate electrode and the offset Spacer layer 
as at least part of a mask, the method comprising the Steps 
of: 

(a) measuring a plurality of leakage currents by using a 
plurality of Semiconductor devices having the offset 
Spacer layers with different film thicknesses, and 

(b) calculating a correlation between leakage current and 
film thickness of offset Spacer layer based on the 
plurality of leakage currents. 

2. The method of claim 1, wherein the step (b) includes 
calculating a film thickness value of the offset Spacer layer 
when the leakage current value is Zero based on the corre 
lation and regarding the film thickneSS Value as a length of 
a portion of the Semiconductor layer extending from under 
an Outer end of the offset Spacer layer to an inner tip end of 
the impurity diffusion layer. 

3. A method for fabricating a Semiconductor device, the 
method comprising the Steps of 

(a) forming a gate insulating film and a gate electrode on 
a Semiconductor layer; 

(b) forming an offset spacer layer on a side Surface of the 
gate electrode, 

(c) after the step (b), ion-implanting an impurity into a 
portion of the Semiconductor layer by using, as a mask, 
the gate electrode and the offset Spacer layer; 

(d) after the step (c), measuring a leakage current between 
the gate electrode and the Semiconductor layer; and 

(e) comparing the leakage current with a normalized value 
to judge whether or not a horizontal length of a portion 
of the Semiconductor layer extending from under an 
Outer end of the offset Spacer layer to a tip end of a 
region of the Semiconductor layer in which the impurity 
implanted in the step (c) is diffused is proper. 

4. A method for evaluating a Semiconductor device having 
an actual operating element comprising a gate insulating 
film provided on a Semiconductor layer, a gate electrode 
provided on the gate insulating film, an offset Spacer layer 
provided on a Side Surface of the gate electrode, and an 
impurity diffusion layer formed in the Semiconductor layer 
by using the gate electrode and the offset spacer layer as at 
least part of a mask, the method comprising the Steps of: 
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(a) measuring respective leakage currents in Some of a 
plurality of reference elements having respective ref 
erence offset spacer layers with different film thick 
neSSeS, 

(b) calculating a correlation between leakage current and 
film thickness of reference offset Spacer layer based on 
the respective leakage currents in the reference ele 
ments, and 

(c) evaluating, based on the correlation, a length of a 
portion of the Semiconductor layer extending from 
under an outer end of the offset Spacer layer to the 
impurity diffusion layer in the actual operating element. 

5. The method of claim 4, wherein 
the step (b) includes calculating, based on the correlation, 

the film thickness value of each of the reference offset 
Spacer layers when the reference leakage current has a 
Zero value and 

the Step (c) includes regarding the film thickness value as 
the length of the portion of the Semiconductor layer 
extending from under the outer end of the offset Spacer 
layer to a tip end of the impurity diffusion layer in the 
actual operating element. 

6. The method of claim 4, wherein a wafer formed with 
the actual operating element is provided with an actual 
transistor region in which the actual operating element is 
provided and with a monitor region having a monitor 
insulating film and a monitor electrode, the monitor insu 
lating film being formed from a film from which the gate 
insulating film is formed to have an area larger than an area 
of the gate insulating film, the method further comprising the 
Steps of: 
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(d) prior to the step (a), after the gate insulating film of the 

actual operating element and the gate electrode thereof 
are formed and before the impurity diffusion layer is 
formed, measuring a leakage current in the monitor 
region; 

(e) calculating a thickness of the monitor insulating film 
based on a correlation between the leakage current and 
the monitor insulating film in the monitor region; and 

(f) regarding the thickness of the monitor insulating film 
as a thickness of the gate insulating film of the actual 
operating element. 

7. The method of claim 6, further comprising the steps of: 
(g) prior to the Step (e), measuring respective leakage 

currents in Some of a plurality of reference regions 
having respective reference insulating films with dif 
ferent thicknesses, and 

(h) calculating, based on the respective leakage currents in 
the reference regions, a correlation between leakage 
current and thickness of reference insulating film. 

8. The method of claim 4, further comprising the steps of: 
(i) measuring a leakage current in the actual transistor 

region; and 
(i) comparing the leakage current measured in the Step (i) 

with the leakage current measured in the Step (g) to 
calculate a dimension of the gate electrode of the actual 
operating element. 

9. The method of claim 6, wherein the area of the monitor 
insulating film is 100 times the area of the gate insulating 
film or more. 


